(ISO)-induced amylase release from rat parotid slices was increased by the addition of methoxamine to either a normal or a calcium (Ca)-free medium.
Abstract-Isoproterenol
(ISO)-induced amylase release from rat parotid slices was increased by the addition of methoxamine to either a normal or a calcium (Ca)-free medium.
The potentiating effect of methoxamine was completely blocked by the addition of phentolamine, irrespective of whether the slices were incubated in the normal or the Ca-free medium; and the effect also disappeared after prolonged preincubation (60 min) of the slices in the Ca-free medium.
Both verapamil and procaine reduced methoxamine-induced amylase release, but only verapamil blocked the stimulating effect of methoxamine in the normal medium. ISO-induced accumulation of cyclic AMP in the slices was unaffected by methoxamine or phenylephrine.
The results suggest a possibility that the potentiating effect of methoxamine on ISO-induced amylase release may be independent of the presence of extracellular Ca and the increased accumulation of cyclic AMP in the tissue is unnecessary.
In in vitro experiments, isoproterenol (ISO) causes a potent secretion of a-amylase from rat parotid tissue through the activation of Q adrenoceptors (1, 2) , and this effect is in dependent of the presence of calcium (Ca) in the incubation medium (3, 4). On the other hand, phenylephrine, a relatively selective a-agonist, elicites a weak, but distinct, increase of amylase release which is dependent on the extracellular Ca (2) through the activation of a-adrenoceptors (2). Putney et al. (4) reported that stimulation of a-adrenoceptors in parotid cells resulted in an increased Ca influx which is assumed as a possible cause for an increased amylase release (5).
From the above-mentioned facts, it must be predicted that in vitro ISO-induced amylase release would be enhanced by the addition of a-agonists as a result of an increase of cyclic AMP level and Ca influx. However, it has been suggested that a concomitant stimulation of both a and (3-adrenoceptors in rat parotid tissue might cause a smaller amount of amylase release than that induced by a single stimulation of Q-adrenoceptors (3). In addition, a-agonists inhibited the ISO induced accumulation of cyclic AMP by the increased entrance of extracellular Ca into the rat parotid tissue (6).
As the authors obtained results showing a stimulating effect of methoxamine on ISO induced amylase release in rat parotid tissue, the present study was undertaken to investigate a possible role for Ca in the effect of the a-agonist.
MATERIALS AND METHODS

Incubation procedures:
Male Sprague Dawley rats weighing 180 to 220 g were used. Parotid glands were removed from the rats anesthetized with sodium pentobarbital (40 mg/kg, i.p.) and were cut into small pieces. Slices about 20 mg in size were placed in a basket of nylon net, and then immersed in 5 ml Krebs-Ringer-Tris (KRT) solution of the following composition (mM): NaCI 120.0, KCI 5.0, MgC12 1.2, CaC12 3.0, (3-hydroxy butyrate sodium 5.0, Tris (hydroxymethyl) aminoethane 20.0, and the pH adjusted to 7.4 with H CI.
The incubation of parotid slices was carried out by the procedure described by Leslie et al. (2). Briefly, the slices were equilibrated in 5 ml KRT solution, aerated with pure oxygen for 25 min at 37C°, followed by transfer through three, 5 ml volumes of KRT medium for 2, 10 and 10 min under the above-mentioned conditions. For incubation in the Ca-free medium, CaC12 was excluded from the composition of the normal KRT solution and 1 mM ethylene glycol bis-(beta aminoethyl ether) -N,N'-tetraacetic acid (EGTA) was added (Ca-free KRT). The slices were treated with the normal KRT medium except during the second 10 min period when they were incubated in the Ca-free KRT solution with 1 mM EGTA. In some experi ments to investigate the influence of cellular Ca depletion on actions of secretagogues, slices were incubated in the Ca-free KRT with 1 mM EGTA for 60 min prior to the successive three periods of incubation in the same Ca free medium. ISO was added to the incubation media at the beginning of the second 10 min period. Methoxamine was added to the media throughout the first and the second 10 min periods.
Phentolamine, verapamil, and procaine were added 2 min prior to the addition of methoxamine, and they were present throughout the incubation periods.
Determination of amount of released amylase: To measure the amount of amylase released into the media, 0.25 ml aliquots were taken from each incubation medium im mediately after the first and second 10 min incubation periods.
Basal amylase release was determined at the end of the first 10 min incubation.
After incubation, tissues were blotted on filter paper, weighed, and then homogenized in 5 ml KRT solution. A 0.25 ml aliquot of the homogenate was used for assay of the enzyme activity. Amylase activity was assayed by the method of Bernfeld (7).
The net amount of released amylase was expressed as a percentage of the total amount of the enzyme initially contained in the tissue slices employing the following formula:
where S is the percent release of total amylase, Ms is the amount of amylase in medium after incubation with secretagogues, Mb is the amount of amylase in basal release, and Ts is the tissue content of amylase after incubation with secretagogues. Measurement of cyclic AMP: To investigate the effects of a-agonists on the tissue content of cyclic AMP, parotid slices were incubated with a-agonists for 10 min, followed by a 2 min incubation period with ISO in the presence of a-agonists. After the incubation with ISO, tissues were immediately transferred into liquid nitrogen and were stored at -20°C until the measurement of cyclic AMP. Cyclic AMP was measured by the radioimmunoassay technique of Honma et al. (8) using a commercial assay kit (Yamasa Shoyu Co.). Radioactivity of 1251 was determined by a Packard auto-gamma scintillation counter (type 5130).
Analysis of data: Levels of significance were calculated using the Student's t-test. 
RESULTS
Effects of methoxamine on ISO-induced amylase release: The basal release of amylase from rat parotid slices during a 10 min incubation was 0.5±0.1% (of total amylase in the tissue) in the normal KRT medium and 0.3±0.1% in the Ca-free KRT medium.
During a 10 min incubation period with the normal KRT solution, amylase release from the slices was increased with increasing concentrations of ISO up to 1 mM, and the highest level reached was 20.3±1.6% of total amylase in the tissue (not shown). As shown in Table 1 , the rate of 10 FPM ISO induced release was markedly increased in the presence of 10 aaM methoxamine (p<0.01). These potentiating effects of the a-agonist was antagonized by the addition of 100 /iM phentolamine into the medium (p<0.01).
In the Ca-free medium, the effects of ISO, both with and without methoxamine, were similar to the results in the normal KRT medium; and the potentiating effect of the a-agonist on the ISO-induced release was completely blocked by the addition of phentolamine (p<0.02) ( Table 1) . A similar result was obtained when phenyl ephrine was used as an a-agonist in the Ca-free medium (not shown).
Effects of verapamil and procaine on amylase release from the parotid slices: To investigate the effect of Ca antagonists and local anesthetics on the potentiating effect of methoxamine, amylase release from the rat parotid tissue was examined in a medium to which verapamil (100 tiM) or procaine (1 mM) was added. Both verapamil and procaine had no effect on the basal and ISO induced amylase release. As shown in Fig. 1 , the increase in amylase release in response to a combination of ISO and methoxamine (9.3±0.8%) was reduced by verapamil to the value obtained by ISO alone (6.5±0.8%) (p<0.05). On the contrary, procaine did not inhibit the enhancing effect of methoxamine on ISO-induced response in spite of the fact that it decreased the effect of methoxamine alone (Fig. 2) . Fig. 1 , except 1 mM procaine (P) was used. Number of experiments was 6. **p<0.01 compared to methoxamine alone. was approximately one half the release observed in normal KRT medium, with the potentiating effect of 10 uM methoxamine being completely blocked under the same conditions ( Table 2) . Effects of a-agonists on ISO-induced accumulation of cyclic AMP in rat parotid tissue: The content of cyclic AMP in rat parotid tissue was 0.73±0.11 pmol/mg tissue and was markedly increased to 21.00±1.80 pmol/mg tissue after 2 min of incubation with 10 ,aM ISO. Methoxamine and phenyl ephrine (10 /tM) caused slight increases in the levels of cyclic AMP with values of 1.32±0.17 and 1.27±0.17 pmol/mg tissue, respectively (Fig. 3) .
The ISO-induced accumulation of cyclic AMP was unaffected by pretreatment with 10 ,uM methoxamine or phenylephrine. 
DISCUSSION
In the present study, a combination of an a-agonist methoxamine and a /3-agonist ISO resulted in a superadditive effect on the release of amylase from the rat parotid slices in the normal incubation medium, and this increased release was recovered by phen tolamine to the level induced by ISO alone (Table 1) . It has been postulated that, unlike ISO (4, 9), a-agonists and muscarinic agents might cause amylase release due to the increased entrance of extracellular Ca into the parotid cells (2, 4, 5). However, as shown in Table 1 , the a-agonist itself elicited the amylase release as Leslie et al. reported (2), and this effect did not disappear even under Ca-free conditions. Prolonged incubation in the Ca-free medium probably produces a loss of its activity to induce the enzyme release. I n fact, it has been reported that the effects of carbachol or phenyl ephrine on the transit efflux of 86Rb in rat parotid cells, depending on the intracellular Ca, were obviously influenced by the length of preincubation in the Ca-free medium (10, 11).
The increase of Ca entrance probably is not responsible for the enhancement of ISO induced response by methoxamine (and phenylephrine) since this stimulating effect of a-agonists occurred in the Ca-free medium as well as in the normal medium (Table 1 ). This assumption may be supported by the following evidence: (i) A23187, a divalent cation ionophore, did not increase the ISO induced amylase release in the presence of extracellular Ca (4, 12); (ii) carbachol decreased ISO-induced amylase release from isolated parotid cells (13); (iii) the effective concentration of epinephrine for amylase release is 10 to 100 times lower than that for potassium release (3).
The results shown in Figs. 1 and 2 on the effect of verapamil and procaine may be explained by their blocking actions on the transmembrane Ca fluxes such that reported in smooth muscles and cardiac tissue (14). However, evidence showing the possibility that verapamil could bind to a-adrenoceptors and would block the action of a-agonists, has been obtained in experiments using rat brain tissue (15, 16) and rat liver cells (17). In addition, it was suggested in some studies that verapamil may inhibit the utilization of the intracellular Ca (18, 19) . The discrepancy observed in the inhibitory effects of verapamil and procaine might have resulted from a difference in their binding capacities on a adrenoceptors causing a blockade of the receptors (16), or a difference between their blocking activities towards the mobilization of intracellular Ca from its storage sites (20). The exact mechanism through which the drug actions observed in the present study occur may be decided by further investigations on Ca fluxes, effect of increased extracellular Ca, and radioligand binding to a-adreno ceptors in the presence of both methoxamine and verapamil or procaine.
As shown in Table 2 , the stimulating action of methoxamine on ISO-induced amylase release completely disappeared in the Ca-depleted tissue produced by pre incubation with the Ca-free medium for 60 min (10, 11). There is an interesting report that the stimulation of a-adrenoceptors localized on the cellular surface probably causes the intracellular mobilization of Ca from its storage sites in hepatic cells (21). Therefore, it seems likely that the present results (Tables 1, 2 If the enhanced response of ISO caused by a-agonists was not due to the increase of Ca influx, this effect of a-agonists might be due to an elevation of the cyclic AMP level in parotid cells, in a way similar to what was indicated in hepatic cells by Blackmore et al.
(22).
However, ISO-induced increase of cyclic AMP was not enhanced by a-agonists in our experiment. Oron et al. (6) has reported an inhibitory effect of methoxamine and carbachol on ISO-induced accumulation of cyclic AMP, but did not refer to the change of amylase release. ISO-induced amylase release is reduced by carbachol (13) which may rapidly inhibit ISO-induced increase of cyclic AMP (6). Further study is necessary to resolve whether or whether not me thoxamine has a biphasic effect on ISO induced amylase release. The discrepancy shown in two individual experiments may have resulted from differences in the lengths of the preincubation times or compositions of the media. The above results, at least, suggest that an increase of cyclic AMP content may not be essential for the stimu lating effect of the a-agonist on ISO-induced amylase release.
The present results suggest that the potentiating effect of methoxamine on ISO induced amylase release may be independent of the presence of extracellular Ca and the increased accumulation of cyclic AMP in the tissue.
